Increasing evidence in both experimental and clinical studies suggests oxidative stress (OS) plays a major role in the pathogenesis of type 2 diabetes mellitus and its complications. In a physiological condition, appropriate levels of ROS, generated either in restricted amounts or transient fashion, are required to promote physiological angiogenesis and homeostatic maintenance of healthy vasculature. Uncontrolled continuous ROS production will ultimately contribute to pathology and cause tissue damage. One of the most important proangiogenic factors is vascular endothelial growth factor (VEGF) which plays a key role in diabetic endothelial dysfunction, which ultimately leads to pathogenesis of vascular complications. As VEGF is released by activated platelets, hence platelet activation could be the source of VEGF in plasma samples. Increased platelet activity is emphasized to play a role in the development of vascular complications in T2DM patients and platelet volume, a marker of the platelet function and activation, is measured as mean platelet volume (MPV). Therefore, we aimed to investigate the association between plasma VEGF levels and MPV levels that may lead to vascular complications. A case-control study of one hundred patients with T2DM (n = 100) and thirty control subjects (n = 30) were screened from different areas of West Bengal. All procedures were done with the informed consent of participants. Elevated VEGF level was found in T2DM patients (526.8 ± 34.3 pg/ml) compared to healthy controls (317.9 ± 12.9 pg/ml) which was statistically signifi-How to cite this paper: BiswasHealth cant. T2DM patients had higher MPV (12.5 ± 0.2 fl) compared to controls (11.4 ± 0.2 fl). Thus the present study showed a significant association between VEGF level in plasma and MPV indicating the severity of vascular complications. Hence, in conclusion, it suggested that VEGF levels along with MPV are a reliable biomarker for evaluating the development and progression of vascular complications.
Introduction
Type 2 diabetes mellitus (T2DM), the most frequent subtype of diabetes, comprises a complex heterogeneous group of metabolic diseases characterized by high levels of blood glucose (hyperglycaemia) and impaired insulin action and/or insulin secretion. Anticipating an epidemic like increase in the number of diabetic patients, India is being referred as the "diabetic capital of the world" [1] .
About 31.0% populations of West Bengal are suffering from T2DM [2] . The incidence of T2DM varies substantially from one geographical region to the other as a result of environmental and lifestyle risk factors [3] .
One of the factors associated with diabetic complications is the process of non-enzymatic glycation of proteins, lipids and nucleic acids, with subsequent formation of advanced glycation end products (AGEs) [4] . One of the main consequences of this adverse action is the formation of oxidative stress (OS).
Formation of glycation end products leads to OS and subsequent DNA damage via the oxidation of DNA bases and sugar-phosphate binding sites. OS represents an imbalance between the production and manifestation of reactive oxygen species (ROS) especially free radicals and a biological system's ability to detoxify the reactive intermediates or to repair the resulting damage.
In a physiological condition, appropriate levels of ROS, generated either in restricted amounts or transient fashion, are required to promote physiological angiogenesis and homeostatic maintenance of healthy vasculature. In normal circumstances i.e. during physiological conditions, the formation of new blood vessels occurs during wound healing, organ regeneration and in the female reproductive system during ovulation, menstruation and the formation of the placenta. Uncontrolled continuous ROS production will ultimately contribute to pathology and cause tissue damage. During physiological or repair processes, such as wound healing, the inflammation process is transient; most pathological conditions involve a continuous recruitment of inflammatory cells, which, in turn, serve as substantial source of ROS [5] . OS-dependent angiogenesis is an important contributor to the progression of cancers and chronic diseases.
Hyperglycemia-induced diacylglycerol, a lipid molecule, activates protein kinase C in the vascular tissues leading to the formation of OS and the latter in turn promotes VEGF signaling, resulting in diabetic microvascular complications [6] .
Vascular endothelial growth factor (VEGF) is the most potent proangiogenic growth factor that increases vascular permeability in vivo and activates endothelial cells in vitro [7] .
Other factors responsible for induction of VEGF are failure of β-cell function and the deterioration of systemic insulin sensitivity. Many investigations suggested that the reason behind β-cell failure in T2DM is the decreased β-cell mass and the dysfunction of islets. The pancreatic islets are highly vascular tissues and their dysfunctions of vascular structure lead to deterioration of insulin secretion [8] . Expression of vascular endothelial growth factor (VEGF) in β-cells is associated with the formation of vascular structure. Clinically, T2DM is involved with failure of various organs, especially the blood vessels and can lead to many complications over time. These complications include retinopathy, neuropathy, nephropathy, impaired wound healing and accelerated atherosclerosis which are implicated in a large number of cellular and subcellular changes in vessels. VEGF may play a key role in diabetic endothelial dysfunction, which ultimately leads to pathogenesis of vascular complications. Many studies reported that plasma VEGF levels were higher in diabetic patients compared to healthy control individuals and a correlation of plasma VEGF levels with late diabetic complications had also been documented [9] - [11] . However, there are few investigations illustrating the detailed mechanism of the association between VEGF and late diabetic complications i.e. vascular complications.
As VEGF is released by activated platelets, hence platelet activation during blood collection could be an artificial source of VEGF in plasma samples. A correlation could occur between VEGF levels in plasma samples and blood platelet activation at the time of blood sampling. This may explain conflicting results in studies of VEGF plasma levels in DM and other conditions with endothelial dysfunction [12] . Increased platelet activity is emphasized to play a role in the development of vascular complications in T2DM patients and platelet volume, a marker of the platelet function and activation, is measured as mean platelet volume (MPV). T2DM patients have an increased risk for the development of late diabetic complication i.e. microvascular and macrovascular complications and platelets play an important role in alteration of platelet morphology and function [13] .
For better understanding, T2DM patients with or without complications and healthy controls were selected and their VEGF plasma levels were assessed in this study. For further confirmation, MPV was measured in the diabetics compared to the healthy controls to determine if platelets were activated in diabetes and in its associated vascular complications for assurance of VEGF release. Furthermore, no such study was found in the literature which sought to investigate the relationship between plasma VEGF levels in the context of type 2 diabetes mellitus and its complications in population of West Bengal. Therefore, we aimed to investigate the association between plasma VEGF levels and MPV Health levels that may lead to vascular complications. This study was approved by the institutional ethical committee on 10 th May, 2016. All procedures were done with the informed consent of participants. The methods in this study were performed in accordance with the relevant guidelines and regulations.
Methods

Study Setting and Subjects
Collection of Peripheral Blood
Peripheral blood samples were collected by venipuncture both from T2DM patients and control subjects. Blood samples were collected in EDTA vacutainer and stored at 4˚C for experimental work.
Measurement of Plasma VEGF
3 ml of peripheral blood samples were collected from the patients and healthy volunteers to determine the plasma VEGF level. Plasma was separated from these blood samples by centrifugation at 2500 rpm for 20 minutes.
The plasma VEGF concentration was determined using Human VEGF (Vascular Endothelial Growth Factor) enzyme-linked immunosorbent assay kit (Fine Test, China) in Bioradi Mark TM Microplate Reader. Intra-assay precision was < 8% and Inter-assay precision was < 10%. The detection range of the assay was 0 -2000 pg/ml.
Protocol of Haematological Study
The Platelet count, Platelet Distribution Width (PDW) and Mean Platelet Volume (MPV) were estimated by Sysmex K-2000 automated cell counter.
Statistical Analysis
The statistical evaluation was performed using statistical software Statistical Package for Social Sciences (SPSS). All data were expressed as mean ± SE (Standard Error). The statistical significance was determined based on a probability level of less than 0.05. For comparison of the VEGF levels between T2DM patients and healthy controls, independent t-test was performed. The correlations between the levels of VEGF and other variables were calculated using Pearson's correlation coefficient.
Results
Socioeconomic status, particularly income and educational qualification are important factors in higher prevalence of T2DM. Diabetes may be up to two times more prevalent in low income populations compared to wealthy populations [14] [15] [16] .
Income level, which is a major reflection of socioeconomic status (SES), has a close association with the adverse health effects including the incidence of T2DM. SES is a complex concept that describes the position, which an individual occupies in the structure of society. SES has been recognized as an important determinant of a population's health. SES is closely linked to a wide range of health problems, including communicable and non-communicable diseases, with different strengths and directions of association in different populations [17] . Many studies have seldom reported the discrepancy of T2DM incidence between different SES groups in developing or recently developed economies, especially in Asia. In addition to their disproportionate prevalence of diabetes, individuals with low SES tend to have poorer glycemic control, more diabetes complications and higher mortality rate. Lack of access to health care has been considered as an important risk factor for the consequences of diabetes among the socioeconomically deprived apart from personal vulnerability and other predisposing factors [18] . According to Table 1 , most of the T2DM patients had pattern of higher prevalence towards low monthly household income of Rs. 5001 -Rs. 10,000 p.m. which leads to the discrepancy in the quality of diabetes care. Income disparity appears to predispose people with T2DM towards inequality in diabetes care, which includes delayed identification of cases and inadequate follow-up, even in a nation with a comprehensive universal health insurance program. Thus this study indicates that comprehensive and universal health coverage can lead to improvement of access which is merely a start toward eliminating inequality in diabetes care.
Many investigations reported that there is a strong relationship between SES Comparisons between Control and T2DM cases in terms of Glucose concentration following Impaired Fasting Glucose and Oral Glucose Tolerance Test have been graphically presented in Figure 1 VEGF levels in plasma were compared between healthy controls and T2DM.
Elevated VEGF level was found in T2DM patients compared to healthy controls and it was found statistically significant (Table 4 ). Pearson correlation coefficients were calculated to analyze the associations between plasma VEGF level and mean platelet volume (MPV), platelet distribution width (PDW) and total platelet count. Table 5 demonstrated that VEGF levels were correlated positively with MPV (r = 0.196, p < 0.05) and PDW (r = 0.266, p < 0.01) in the T2DM patients and controls indicating that VEGF is associated with increased mean platelet volume and platelet distribution width.
Discussion
The number of diabetes cases worldwide has increased to approximately 366 million according to the estimation by the International Diabetes Federation, of which T2DM constitutes approximately 90% to 95%. Up to 80% of mortality with T2DM is directly associated with vascular complications (microvascular complications or macrovascular complications) [21] . Angiogenesis i.e. the formation and differentiation of blood vessels, is an essentially biological process existing in embryogenesis and in the development of late diabetic complications [22] . Vascular endothelial growth factor (VEGF) is a major mediator of angiogenesis and plays a key role in the pathogenesis of late diabetic complications. VEGF is an endothelial cell specific mitogen, has been implicated as a major contributor to the development of diabetic complications and plays an important role in the pathogenesis of endothelial dysfunction. VEGF expression in endothelial vascular leads to increase in permeability of blood vein that induces increased angiogenesis activity. VEGF is also associated with tumor progression that may lead to cancer [23] [24] . The activated platelets are the main sources of VEGF in blood. It has been well documented that platelets are a rich source of β-thromboglobulin and produce more thromboxane A2 than smaller platelets.
All these can produce a pro-coagulant effect and cause thrombotic vascular complications [25] . This leads to a relationship between the platelet function es- with increased platelet reactivity [13] . It is interesting that the correlations of VEGF with MPV, platelet count and PDW are found in our cohort study, suggesting an interaction that may exist among vascular complications and T2DM patients. Thus the present study showed a significant association between VEGF level in plasma and MPV, PDW indicating the severity of vascular complications. Elevated VEGF level was found in T2DM patients (526.8 ± 34.3 pg/ml) compared to healthy controls (317.9 ± 12.9 pg/ml) which was statistically significant. T2DM patients had higher MPV (12.5 ± 0.2 fl) compared to controls (11.4 ± 0.2 fl) which suggested a role for the increased platelet activity in the pathogenesis of vascular complications. Our findings were similar to the studies done by Shinichiro et al. and Ates et al.
where MPV was positively correlating with the degree of late diabetic complications in their cases [25] [26] . This indicates that elevated VEGF and MPV are risk factors for late diabetic complications and they have a strong relationship. Therefore, the positive correlation between VEGF levels and MPV leads to severity of vascular complications in T2DM. To best of our knowledge, this is the first cohort study to investigate the association between VEGF, MPV and incident diabetes risk leading to vascular complications.
The pathophysiological mechanism for increased VEGF expression involving in the development and progression of vascular complications is not yet fully understood. However, several possible reasons may account for their association. First, over-expression of VEGF induced by persistent hyperglycemia can lead to increasing vascular endothelium permeability leading to angiogenesis. Second, increasing evidence indicates inflammation leading to OS which plays a key role in the development of late complications and VEGF is a strong inducer of inflammation [27] . Several studies demonstrated that VEGF plays an essential and causative role in retinal inflammation [27] [28] . Therefore, over-expression of VEGF exacerbates inflammatory reaction which might be responsible for the progression of late diabetic complications.
Conclusion
In conclusion, we observed that elevated VEGF levels in plasma are a risk factor for the presence and severity of vascular complications in diabetic patients which is supported by elevated MPV and a strong correlation exists between them. This suggests that VEGF levels along with MPV are a reliable biomarker for evaluating the development and progression of vascular complications. Thus, we propose that VEGF level in association with MPV can be used as a simple and cost-effective tool to monitor the progression and control of T2DM and its vascular complications. The outcome of our study can help the clinicians to modify their treatment policy according to their patient needs. However, the increased VEGF level and MPV as the cause or the end result of vascular complications need to be further explored. The recruitment of participants conducted in the present study was limited, therefore, an extensive study with increased sample size is recommended.
